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Description 

ft A common process sequence in manut ^ r ^ 

a number of metal conductors on a substrate, then cove Mhe metaM conduc tors, then deposit 

openings in the dielectric so that each W^SSSS the contact area. It the substrate is exposed to the 
a metal plug in each opening so as to make a re formed, the surface of the sem.condu to 

ambient atmosphere or any other source o o^xyge aftorthe * 3 must be remove d or "cleaned before 

or metal layer exposed in each opening will ^XTctLct between the plug and the contact area Tr^ 
depositing the metal plug in order to achieve igood fl metal plug is com monly termed "precleaning 

materials after performing a precleaning Pr° cess . for tabrjcatjng metal p | U g S in a low-*, carbon-containing d.e- 
[0004] The invention is a precleanmg process suitable to m a cond uctor on a sem,conductor 

ectric More specifically, the invention is a P"*"^^,^*^ the metal. After forming contact open- 
workpiece so as to minimize damage «*^™*Zl^U m metal conductor, the contact areas are cleaned 
ings in the dielectric so as to expose contact areas on the -» ogen<0 ntaining and helium gases 

dr^ssse? itsssssr-- * - ™- *— - — 

process of the invention. sea uence of process steps for forming a metal plug or via in a 

[0010] Our precleaning process ,s one segment P , 0W . K djelectric has a dielectric constant V that 

low-ic carbon-containing dielectric on a semiconductor wcriowca tow k sjlicon oxide dlete ctr,c 

sTess than 3 8, preferably less than or equal to 3.0. An. xarnp. u S patent application SN 09/247,38t 
^nda^ 

filod ^10/99 by Cheung etal., the entire content of which s 

Son This type of carbon-containing silicon ox,de has a d^ect nc con*a ^ carbon ^ typ , cally 

Sning silicon d,ox,de because i, To achieve a low dielectric constant <, the 

are incorporated in the silicon oxide '"'^/^.^^^y weight, more preferably at least 5%. 
dielectric preferably has a carbon content or at lea t /« by w 9 ■ ^ ^ ^ ^ ^ the .n- 

[0011] Figure 1 shows a conventional semiconducl » W«* integrated circuits are to be formed or a 

« vention ma? be performed. The substrate ^££Z£££ m to be formed. The substrate ****** 
g ,ass substrate on which electronic video ; d.sp.ay s ^ bstrate10 includes one or more regions ^composed 

L number of openings 1 6 so that each opening expose an are ' ° ^ ^ portjons o) (he meta , 

termed the "contact area", "exposed area" or "exposed surface > m « d sur(ace may be covered 

contact with the underlying metal region 12. die | e ctric is to deposit a blanket layer of dielectric 14 (Step 
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^^-^^.^^-•--•" , "* , "* ,,, * ,e "■' ,,, *" 

area aenerally will oxidize to form a thin layer of -native ox,de ^J^KJ 105). or it may occur if the work- 
a p rocessrremoving P ho,ores,st 1 9 after ^^^^X^ch-ir.. This native oxide must 
piece is exposed to ambient atmosphere while it is ^^^^hieve good electrical contact between the plug 

0 to an atmosphere formed by P lasm ^ decomp ™ifnot HmSd to a specific theory of operation, we believe that 
of a hydrogen-containing gas. Although our .nvenuon s noUm ted to p ^ ^ ^ mjgrate 

the plasma dissociates the hydrogen^ontain.ng gas to p jj2^i 18Mfte ^ece.thehydroflan«*cal» 
p.asma.othesemiconductorworkpiece. ^J^^SdeTlL volatile hydroxyls and water vapor that are 

rrriSc^s 

that minimizes electric fields at the workplace i position ma source , which means that the 

[0018] One suitable method of forming l*^™*™™^***, that holds the workpiece, or else the plasma 
plasma either is formed in a separate chamber Trom the vacuum ^ g ^^.^ djstance from , e 

is formed in a separate region of a common ch ^ e r such at », p oec0 mposition of gases in the 

workpiece. In either case, an exhaust pump > causes ^ ca , s and P ^ having re mote plasma sources 

p.asma to flow from the plasma body to the jJ^JJJJJJ et al. and 5.543,688 to Morita, the entire content 

srr u p^^^ 

quartz and the lower portion of ^chamber is bound* ^ a abov P e flows {rorn a gas supply tank 24 at a 

material, typically aluminum. The hydrogen ;^^m gas mix ^ de then „ jnjected into the upper port.on 

exhaust port 30 and regulates the f^^^^ai poW er to an induction coil 34 that encircles the dielectric 
C'chS 

the chamber so as to excite the gases to a i plasms i state, ^ on g pede8ta , or susceptor 36, 

Sv s3Krss:?.u « - - — * - — - 

toward the susceptor. dielectric by ion bombardment, we prefer using the 

.0024] Since RF bias power increases the risk of damage to no y ^ ^ 1 2 w „ hout any 

owes possible RF bias power. We believe we can ^cojjhjy plasma chamber , some RF bias 

RF bias power applied to the pedestal. ?^£*£^^ e small amount of RF bias power can ensure 
power usually is required to initiate or stnke the P^^ a * ere , ' re _ jn our pref erre d implementat,on we program 
that changing process conditions do not extinguish the plasma. The inn . w ^ ^ rf RR power at a 

he controller 44 to command the bias ^^J^^^SvL reduce the bias RF power to 10 watts 
.reguency o, 13.56 MHz in order to in .ate the preferred 10 watts, we find the DC bias voltage 

throughout the precleanmg process^ At low i power lev ferred cha mber of Figure 3. 

zsrzzsrsz =rr n: * z — «. — - « - - «* - - 

[0027] A preferred gas mixture is 5 /o H 2 and 9b /o ne oy 



55 [0025] 
power 
[0026] 
[0027] 
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copper oxide is readily reduced by hydrogen The feasibility of subjecting the substrate to the 

hJSng o. the substrate in order to structures on the substrate would be damaged 

required temperature depends on whether ^ *electnc 1 4 and q( ^ en jn tne plasma Because 

[0029] The helium carrier gas advantageous^ enhances the * e , n conlrast , carr ,er gases 

mass greater than the atomic mass of argon. nec essary to remove the native oxide 1 8 In tests 

[0030] The hydrogen-containing plasma ".^^^S coupled plasma chamber, with 300 watts BF 

helium gas mixture provided by the flow controller 26. 
25 Comparative Tests 

Set* mm. To s »pl«Y M l«. «• * « » *" ■ »»" ™ s 

hydrogen concentration, and durat.on. HQIVV . itad on 200 mm diameter silicon wafers in accordance with 

1 3 4? In our tests, the Iow-k dielectnc Mm was deposed onMO m SN 09/247 , 381 This process 

the annealing step. 
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— jgg nn Dielectric Constant: Without Plasma Ashing 



RF Power to induction 
Coil Induction Coil 




5% iy95% He 



Increase in Dielectric 
Constant. Before 
Anneal 




Increase in Dielectric 
Constant: After Anneal 



0.21 



0.05 
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Table 1 - (continued) 
- ■ - n..^^: W,tho^PlasmaMhin9 



Run 



Gas 



RF Power to Induction 
Coil Induction Coil 



5 % H2/95% He 
5% He 



5% H2/95% He 



lO%H 2 /90%He 



10% H 2 /9Q% He 
10%H 2 /90%He 



300 W 
300 W 



450 W 



300 W 



300 W 
450 W 



Duration 



60 sec. 
120 sec. 



60 sec. 



30 sec. 



60 sec. 



Increase in Dielectric 
Constant: Betore 
Anneal 



0.17 
0.23 



Increase in Dielectric 
Constant: Atter Anneal 



0.12 
0.19 



0.19 



0.22 



0.26 



0.14 



0.19 



0.20 



0.20 



35 



40 



45 



dSeSric. Is it increased the dielectric ^^^ su(f)My synergistic with our H 2 -He process, in contrast 
[0038] Tabtelatoshov^thatasubsequefrta^^w'F * » ng process . Referring to Bun 1 . anneal ng 
wrth the detrimental effect of annealing after a convent, onalj "0" "P" SDU tteang. In contrast, Run 2 shows that the 

o.,r W -He Dlasma precleaning process. nrnress (Step 106), it is highly beneficial to anneal 

S Thlrefore P a«»er performing our H,He P^ap— Sec constant °« the dielectric film (Step 1 07* 
l Z substrate at a sufficient temperature and dura Jon to ^ c , and most preferably in the range 

The anneal temperature should be greater than 100 C ;P^^ thermal anneal cham ber - i.e., a chamber that 

« Amn omture for a much shorter duration. t the induction coil, or the duration 

SS We also tested the e,ec,s o, 

process. As described earlier, plasma ash,ng "^SSliS or^nic material may include photores.st on the op 
various organic material from the surface of the die ectric. Such org ^ elching of the 

surface of the dielectric, a "passrvation layer" deposed on the «de w js removed 

v as and other organic byproducts of the ^ position of oxygen, and opt.ona y 

■stripped" by exposing the workplace to an amo * ph ° e *'™lZL ashing process for stripping photoresist after 

the dielectric. 
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Increase in Dielectric 
Constant: After 
Anneal 

0.32 
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Ta ble 2 - (continued) 

Effect of Preclean on Dielectric Constant: Preceded by Plasma Ashing 



Run 



Gas 



RF Power to Induction 
Coil Induction Coil 



Ar (Sputter) 



5% H2/95% He 
5% H^95% He 
5% Ha/95% He 



5% H2/95% He 



10% H2/90% He 



10% H2/90% He 



lO%H 2 /90%He 



(+ 300W + 300 W 
bias) 



300 W 

300 W 
300 W 



450 W 



300 W 



300 W 



450 W 



Duration 



30 sec. 



30 sec. 

60 sec. 
120 sec. 



60 sec. 



30 sec. 



60 sec. 



60 sec. 



Increase in Dielectric 
Constant: Before 
Anneal 



0.18 



0.14 

0.16 
0.16 



Increase in Dielectric 
Constant: After 
Anneal 



0.23 



0.17 



0.16 

0.19 
0.18 



0.21 



0.28 



0.28 



0.28 



Kiss; 

the argon sputtering process reportec hn Jable 1 Run V jn ^ correspondjng 

f0044] In Table 2 the dielectric constants for Runs 1 a are lower ™» an dthehvdroaen-helium reactive 

column for Run 0. This result indicates that both the argon ^^^^^^SS the ashing (Run 
p,asma cleaning of our invention (Runs 2-8) repair ^^^^^^^ £ the djel ectric as shown in 
0). „ is surprising that these precleaning P^ M ^^ h .^ ^^^ormed after plasma ashing 

Tab,e 1 , produce the opposite effect -repairing f™&«*^™ hyd t ge n*e,iurn reactive cleaning process 
[0045] The best results were ach.eved with Run 2, the embodiment^ of our n - a sgme ^ Qf 

Ling the lowest tested values ^^^^^^^S^^Z reported in Table 1 
process conditions that minimized the damage to he dielectnc in me i g gsh|ng |s 

[0046] in contrast to the tests without ashing reported .n Table J^le 2 shows t yg ^ P ^ ^ ^ 

performed before precleaning, thermal anneal ™*^W*P™*£ JiStonced by an increase in the meas- 

[S'^rS 

[ration) are significantly worse than those for 5% siting the flat-band 

resulted in positively charged hydrogen ions being ^ J^Sl 5 % H 2 / 95% He (Runs 2-5). 
voltage. This shift in flat-band voltage did ^^^^^ "Z^to moiar concentration (10% or 

— m^^ 

SpriSfy replirs much of the 'damage to the dielectric caused by the ashing process. 



Claims 

,. A method o, cleaning an area of a metal conductor exposed in at least one opening in a Iow-k dielectric on a 
semiconductor workpiece, comprising the steps of: 
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providing a semiconductor workpiece that includes a dielectric having at least one opening exposing an area 
of a metal conductor, wherein the dielectric has a dielectric constant less than or equal to 3.0; and 
exposing the workpiece to an atmosphere produced by plasma decomposition or a gas mixture, wherein the 
gas mixture includes helium and at least one hydrogen-containing as species. 

2. A method of cleaning an area of a metal conductor exposed in at least one opening in a carbon-containing dielectic 
on a semiconductor workpiece, comprising the steps of: 

providing a semiconductor workpiece that includes a carbon^ontaining dielectric overlying a metal conductor, 
wherein the dielectric includes at least one opening exposing an area of the metal conductor, and 
exposing the workpiece to an atmosphere produced by plasma decomposition of a gas mixture, wherein the 
gas mixture includes helium and at least one hydrogen-containing gas species. 

3. A method according to claim 2, wherein the dielectric has a dielectric constant less than 3 8. 

4. A method according to claim 2, wherein the dielectric has a dielectric constant less than or equal to 3.0. 

5. A method according to any of claims 2 to 4, wherein the dielectric is an oxide of silicon having a chemical structure 
that incorporates carbon. 

6. A method according to any of claims 2 to 5, wherein the dielectric contains at least five percent carbon by weight. 

7. A method according to any of claims 2 to 6, further comprising the step of: . llffWl , nt ,„ 

subsequent to the exposing step, annealing the workpiece at a temperature and for a duration sufficient to 
reduce the dielectric constant of the dielectric relative to the value of said dielectric constant after the proving 
step and prior to the annealing step. 

8 A method according to any of claims 2 to 7, further comprising the step of: 

subsequent to the exposing step, annealing the workpiece at a temperature of at least 300 C. 

9 A method according to any of claims 2 to 8, wherein the providing step is performed for a time long enough to 
remove substantially all native oxide from said exposed area of the metal conductor. 

1 0. A method according to any of claims 2 to 9, wherein the gas mixture has an atomic molar concentration of hydrogen 
no greater than twenty percent. 

11 . A method according to any of claims 2 to 9, wherein the gas mixture has a atomic molar concentration of hydrogen 
no greater than ten percent. 

12. A method according to any of claims 2 to 11 , wherein the hydrogen-containing species is H 2 gas. 

13. A method according to claim 1 2, wherein the gas mixture has a molecular concentration of H 2 gas no greater than 
ten percent. 

1 4. A method according to claim 12, wherein the gas mixture has a molecular molar concentration of H 2 gas no greater 
than five percent. 

15. A method according to any of claims 2 to 14, wherein the gas mixture does not include argon. 

16 A method according to any of claims 2 to 14, where.n the gas mixture does not include BCI 3 . argon, or any com- 
pound of any element having an atomic mass greater than the atomic mass or argon. 

17. A method according to any of claims 2 to 16, wherein the metal conductor is copper. 

1 8 A method of repairing damage to a carbon-containing dielectric on a semiconductor workpiece caused by a plasma 
process for stripping resist from a surface of the dielectric, comprising the steps of: 

providing a semiconductor workpiece that includes a carbon-containing dielectric and an organic resist material 
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overlying portions of the dielectric; 

removing the resist material by exposing the workpiece to a first atmosphere produced by plasma decompo- 
sition of at least one gas, wherein the at least one gas includes oxygen; and 

subsequently exposing the workpiece to a second atmosphere produced by plasma decomposition of a gas 
5 mixture, wherein the gas mixture includes helium and at least one hydrogen-containing gas species. 

19. A method according to claim 18, wherein the workpiece further comprises a metal conductor underlying the die- 
lectric; 

io the dielecric includes at least one opening exposing an area of the metal conductor; and 

the step of exposing the workpiece to the second atmosphere is performed for a time long enough to remove 
substantially all native oxide from the exposed area of the metal conductor. 

20. A method according to claim 18 or claim 19, wherein the dielectric has a dielectric constant less than 3.8. 

15 

21. A method according to any of claims 18 to 20, wherein the dielectric is an oxide of silicon having a chemical 
structure that incorporates carbon. 

22. A method according to any of claims 1 8 to 21 , wherein the dielectric contains at least five percent carbon by weight. 

20 

23. A method of cleaning an exposed surface of a metal conductor on a semi-conductor workpiece, comprising the 
steps of: 

positioning within a vacuum chamber a semiconductor workpiece that includes a a metal conductor having an 
25 exposed surface; and 

while the workpiece is within the vacuum chamber, providing within the vacuum chamber an atmosphere 
produced by plasma decomposition of a gas mixture, wherein the gas mixture includes helium and at least 
one hydrogen-containing gas species. 

30 24. A method according to claim 23, wherein the gas mixture has an atomic molar concentration of hydrogen no greater 
than twenty percent. 

25. A method according to claim 23, wherein the gas mixture has a atomic molar concentration of hydrogen no greater 
than ten percent. 

35 

26. A method according to any of claims 23 to 25, wherein the hydrogen-containing species is H 2 gas. 

27. A method according to claim 26, wherein the gas mixture has a molecular molar concentration of H 2 gas no greater 
than ten percent. 

40 

28. A method according to claim 26, wherein the gas mixture has a molecular molar concentration of H 2 gas no greater 
than five percent. 

29. A method according to any of claims 23 to 28, wherein the gas mixture does not include argon. 

45 

30. A method according to any of claims 23 to 28, wherein the gas mixture does not include BCI 3 , argon, or any 
compound of any element having an atomic mass greater than the atomic mass or argon. 

31 . A method according to any of claims 23 to 30, wherein the providing step further comprises the steps of: 

50 

supplying the gas mixture into the vacuum chamber; and 

inductively coupling RF power to the gas mixture within the vacuum chamber so as to form a plasma. 

32. A method according to any of claims 23 to 30, wherein the providing step further comprising the steps of: 

55 

supplying the gas mixture to a remote plasma chamber; 

coupling electromagnetic power to the gas mixture to form a plasma that includes reactive species produced 
by plasma decomposition of the gas mixture; and 
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supplying said reactive species from the remote plasma chamber to the vacuum chamber. 

33. A method according to any of claims 23 to 32, wherein the providing step is performed for a time long enough to 
remove substantially all native oxide from said exposed surface. 

34. A method of cleaning an area of a metal conductor exposed in at least one opening in a dielectric on a semicon- 
ductor workpiece, comprising the steps of: 

providing a semiconductor workpiece that includes a dielectric having at least one opening exposing an area 
of a metal conductor; 

exposing the workpiece to an atmosphere produced by plasma decomposition of a gas mixture, wherein the 
gas mixture includes helium and at least one hydrogen-containing gas species; and 

subsequent to the exposing step, annealing the workpiece at a temperature and for a duration sufficient to 
reduce the dielectric constant of the dielectric relative to the value of said dielectric constant after the providing 
step and prior to the annealing step. 

35. A method according to claim 34, wherein said temperature is at least 300°C. 
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